Abstract
It is not known if urokinase-type plasminogen activator (uPA) is associated with normal colonic epithelial cells. The aims of this study were to determine if normal colonic epithelial cells have uPA activity and whether this is concentrated at the cell membrane. In addition, the contribution of colonic epithelial cell associated uPA activity to disease related pertubations of mucosal uPA activity were examined. A highly enriched population of colonic epithelial cells was isolated from resected colon or biopsy specimens by an enzymatic technique. uPA activity was measured in cell homogenates by a specific and sensitive colorimetric method and expressed relative to cellular DNA. In two experiments subcellular fractionation of colonic epithelial cells was performed by nitrogen cavitation followed by ultracentrifugation over a linear sucrose gradient. The fractions collected were analysed for uPA and organelle-specific enzyme activities. Normal colonic epithelial cells have cell associated uPA activity (mean (SEM) 5.6 (1.1) IU/mg, n=18). This colocalised with fractions enriched for leucine-,Bnaphthylamidase and 5'-nucleotidase, markers of plasma membrane. uPA activities in epithelial cells from cancerous colons (9.8 (3.1) n=7) or from mucosa affected by inflammatory bowel disease (3.8 (0.7) n= 15) were not significantly different from normal (paired t test), while that in epithelial cells from greatly inflamed mucosa was similar to that from autologous normal or mildly inflamed areas (4.4 (1.2) v 5.9 (3.6), n=9). Thus normal colonic epithelial cells have cell associated uPA activity which is concentrated on the plasma membranes, suggesting the presence of uPA receptors. Increased mucosal levels of uPA previously reported in patients with inflammatory bowel disease are not due to increased colonic epithelial cell associated uPA.
Urokinase-type plasminogen activator (uPA) is a neutral proteinase which seems to have one major physiological substrate, plasminogen, from which it generates plasmin.' Plasmin is also a neutral proteinase which has a broad spectrum of substrates that include fibrin polymers (associated with intravascular thrombosis and extravascular inflammatory lesions), important components of the extracellular matrix and basement membranes (such as laminin, fibronectin, proteoglycans), and procollagenase (to activate collagenase).'2 uPA has also been shown to have direct effects on cell biology in vitro such as a mitogenic effect. In the human colon uPA activity is present in normal mucosa,8``but its cellular origin remains uncertain. In the inflamed colon levels of uPA activity in mucosal homogenates are increased78 but the source also remains undetermined. High levels ofuPA activity are also found in colonic neoplasms,"'5 the level correlating with the apparent degree of invasiveness of the neoplasm.`'°" Thus, less uPA activity is found in adenomas than carcinomas (though more than in normal mucosa) and the measured uPA activity correlates with the Dukes's staging. (Fig 1) . The severity of the inflammation had no influence on the measured uPA levels. Thus, as shown in Figure 2 , colonic epithelial cells from moderately to severely inflamed mucosa had similar activity to those from autologous areas of colon which were only mildly inflamed. In addition, activity in epithelial cells from inflamed mucosa in patients with distal ulcerative colitis was similar to that in autologous apparently normal mucosa proximal to the involved colon. There were no differences in uPA specific activity in epithelial cells isolated from different regions of the large bowel and from biopsy specimens v resected colon (data not shown).
The possibility that the uPA activity in the colonic epithelial cell population was due to contaminating non-epithelial cells was examined by measuring the activity associated with normal cells which are not only known to secrete or express uPA receptors, or both, but also to comprise a proportion of the contaminating cell subpopulation. The uPA activity of unseparated or plastic adherent mononuclear cells and of polymorphonuclear leucocytes was similar to or less than the activity of the whole isolated cell population (Fig 3) . Activation of mononuclear cells by co-culture for three days with phorbol myristic acid or interleukin-2 rich supernatants increased DNA content two to four fold but decreased cell associated uPA activities (data not shown).
The effect of the colonic epithelial cell isolation process on cell associated uPA activity was assessed in two ways. Firstly, collagenase and Dispase were assessed for intrinsic uPA-like activity in the colorimetric assay. No activity was found. Thus, inadequate washing of the enzymes from the cell suspensions was not responsible for the measured activity. Secondly, to determine whether the enzyme digestion was stripping urokinase or its receptors, or both, from the cell membrane, mononuclear or COLO 397 cells were co-cultured with collagenase and Dispase at the same concentration and for the same concentration and for the same duration used in the extraction procedure and then washed in a similar fashion. The uPA activity in the treated population was compared with that in untreated cells. Enzyme treatment tended to increase rather than decrease cell associated uPA activity. Thus, uPA activity changed from 1 1 (0.4) IU/mg to 3'2 (1.3) IU/mg in four mononuclear cell experiments and 1.1 IU/mg to 1-6 IU/mg in one COLO 397 experiment.
Two colonic epithelial cell populations from mucosa of macroscopically normal colon were subjected to subcellular fractionation. Nineteen fractions were obtained and the activity of uPA as well as that of enzymes enriched in plasma membrane (leucine-13-naphthylamidase, 5'-nucleotidase), mitochondria (monoamine oxidase), endoplasmic reticulum (arylsulphatase C), Golgi apparatus (galactosyl transferase), lysosomes (,3-glucuronidase), and cytosol (lactate dehydrogenase) were measured in all the fractions. Both experiments showed similar results and those from one experiment are shown in Figure 4 . In fractions 4-6 poor separation of enzyme activities was seen but good separation of enzyme activities and, therefore, organelles was seen in the other fractions. uPA activity most closely followed the distribution of the plasma membrane markers, leucine-,B-naphthylamidase and 5'-nucleotidase, and did not follow the elution profile of any other marker. These findings suggest that uPA is located on the plasma membrane. 
Discussion

